S U M M A R Y Ultrastructural analysis of aortic valve endothelial cells subjected to growth arrest revealed many vesicles defined as caveolae by the localization of caveolin. Translocation of caveolin after exposure to oxidized LDL suggests that the localization of caveolin may be a valuable tool to study models of early atherogenesis. In this study, several antigen retrieval protocols were tested in osmium-fixed and Spurr-embedded cells to determine the optimal method of antigen retrieval in our model system. SDS produced the most consistent labeling pattern. A quantitative evaluation revealed that SDS significantly increased the labeling density in Spurr-embedded cells. The labeling pattern appeared as clusters of gold particles, 15-40 nm in diameter, that were associated with membranes of a similar size which may represent the neck region of the caveolae. Cytochem 50:617-627, 2002) 
A ortic valvular heart disease is the third most common indication for valve replacement in the United States. Whereas the etiology of the degeneration is not well understood, the histology of removed valves shows atherosclerotic lesions and calcification similar to the vascular changes seen in cardiac heart disease. The normal aortic valve is composed of collagen, elastin, and fibroblasts and has layers of endothelial cells on both surfaces between blood and the stroma (Cooper et al. 1966) . The aortic valve endothelial cells (AVECs) form a continuous monolayer (Lupu and Simionescu 1985) that acts as a barrier between the blood and the stroma, including subendothelial fibroblasts of the normal heart valve (Manduteanu et al. 1988) . Changes in the permeability across valve endothelial cells and vascular endothelial cells are known to be primary events in the formation of experimental atherosclerotic plaque (Vasile et al. 1983; Sarphie 1987) . When the integrity of the endothelial bar-rier has been compromised in hypercholesterolemic rabbits, foam cells and blood cells accumulate in the subendothelial space (Sarphie 1985) . These structural changes are characteristic of the early stages of atherosclerotic plaque formation (Simionescu et al. 1986 ).
On the luminal surface of normal vascular endothelial cells, the adherence of cationic ferritin indicates a cell surface that is negatively charged, except over the openings of the plasmalemmal vesicles (Simionescu et al. 1981) . A similar anionic coat can be demonstrated on endothelial surfaces of normal rabbit aortic valve (Sarphie 1985) . In experimental hypercholestrerolemic rabbits, this coat is reduced and results in an increased adhesion of low-density lipoproteins (LDLs) to the endothelial surface of aortic valves (Sarphie 1986 ). The removal of this surface anionic coat with specific enzymes also resulted in increased LDL attachment to the cell surface (Sarphie 1986) . A reduction in anionic surface coat was accompanied by an increased uptake of LDL-gold by the valve endothelial cells. LDL-gold conjugate was demonstrated in vesicles, endosomes, and in subendothelial spaces under the aortic valve endothelium of hypercholesterolemic rabbits, suggesting endocytosis and transcytosis of LDL (Sarphie 1986 ). The study of vesicle transport across endothelial cells of the aortic valve may be critical to the understanding of atherogenesis.
Atherosclerosis is also linked to a decrease in endothelial nitric oxide (NO) production (Vane et al. 1990; Cayette et al. 1994; Griffith and Stuehr 1995) . Endothelial NO synthase (eNOS) is the enzyme that produces NO (Palmer et al. 1987) . In normal inactivated endothelial cells, eNOS is complexed to caveolin, a structural protein associated with caveolae (Ju et al. 1997) . When activated by complexing with calmodulin, the eNOS is detached from the caveolin and may produce NO (Michel et al. 1997) . Subcellular localization of eNOS to the caveolar compartment has been linked to acylation (Schaul et al. 1996) and phosphorylation of eNOS (Michel et al. 1993) . In vascular endothelial cells exposed to oxidized LDL (oxLDL), the caveolin and the eNOS both left the caveolar membrane fractions and appeared in the internal membrane fractions (Blair et al. 1999 ). This translocation of caveolin induced by oxLDL was accompanied by a loss of eNOS activity that was independent of deacylation or phosphorylation of eNOS (Blair et al. 1999) . The localization of caveolin may be a valuable tool in studying the translocation of caveolin in early models of atherosclerosis.
Caveolar structure has been studied extensively and caveolae are described as small flask-shaped vesicles limited by a trilaminar membranes that are often continuous with the cell plasmalemma, hence the name plasmalemmal vesicles (Palade 1953; Bruns and Palade 1968 ). These are uncoated vesicles ranging from 50 to 100 nm in diameter and are prevelant in vascular endothelial cells (Palade 1953; Bruns and Palade 1968 ). Clusters of caveolae and larger vacuoles form complicated networks that may span the entire width of some endothelial cells. Morphometric analysis of these vesiculo-vacuolar organelles (VVOs) shows that the size of smaller vesicles is similar to that of classical caveolae Feng et al. 1996) . Whereas size and shape have structurally defined caveolae, the localization of caveolin 1 supports the morphological identification (Rothberg et al. 1992) . Caveolin 1 is an homooligomer of heavily crosslinked monomers (Sargiacomo et al. 1995 ) that binds cholesterol (Murata et al. 1995) and binds eNOS in its inactive form (Ju et al. 1997) . Without cholesterol, the caveolar structure collapses (Rothberg et al. 1990 ). Therefore, the structural integrity of the caveolae may be dependent on an interaction between membranous cholesterol and caveolin 1.
Caveolin 1 has been labeled extensively for transmission electron microscopy using frozen sections (Brown et al. 1996; Amino et al. 1997; Scherer et al. 1997; Stang et al. 1997; Luetterforst et al. 1999; Stahlhut and Van Deurs 2000) , frozen replicas Fujimoto et al. 1998; Takayama et al. 1999; Westermann et al. 1999) , preembedding labeling (Haasemann et al. 1998; Vasile et al. 1999; Dolo et al. 2000; Schwab et al. 2000) , postembedding labeling in LR White (Wu et al. 1997; Newmann et al. 1999; Thyberg 2000) , postembedding labeling in LR Gold (deWeerd and Leeb-Lundberg 1997) , and postembedding labeling in Lowicryls Kasper et al. 1997; Lupu et al. 1997) . With these techniques the labeling of caveolin 1 appears to be associated with caveolae, but none of these protocols labeled caveolin 1 in osmium-fixed and Spurr-embedded valve endothelial tissues where ultrastructural details are more apparent.
Ultrastructural details are excellent when tissues are fixed in osmium tetroxide and embedded in epoxy resin, but etching is often necessary to increase the antigenicity. After etching with sodium metaperiodate or hydrogen peroxide, an increase in nonspecific labeling of caveolin 1 was reported in lung tissue (Newmann et al. 1999) . In other tissues, antigen retrieval (AR) with heated buffers of various pHs has been used extensively in formalin-fixed tissues embedded in paraffin for light microscopy (Shi et al. 1993) . In tissues fixed in osmium for transmission electron microscopy (TEM), saturated sodium metaperiodate was used to etch epoxy sections and label for immunoelectron microscopy (Bendayan and Zollinger 1983) . A combination of sodium metaperiodate and heated citrate buffer at pH 6 was also effective in greatly enhancing the labeling of IgG that was only minimally labeled without AR or with sodium metaperiodate only (Stirling and Graff 1995) . Whereas AR methods have been successful in other tissues and with other antigens, studies using AR to enhance caveolin 1 labeling are limited. In cryostat sections, the labeling of caveolin 1 was greatly enhanced by digesting with sodium dodecyl sulfate (SDS) before staining for caveolin 1 (Brown et al. 1996) . In this report, several AR protocols were evaluated for their effect on caveolin 1 labeling of osmium-fixed and epoxy-embedded AVECs for TEM. In particular, the SDS AR method was quantitatively evaluated and compared to no AR in both Spurr-embedded AVECs and AVECs embedded in LR White.
Materials and Methods

Reagent and Antibody Sources
The reagents for these experiments were obtained from the following commercial sources: PBS plus Tween 20 (PBS-T), sodium citrate, SDS, glycine, tannic acid, goat anti-rabbit IgG conjugated to horseradish peroxidase, and sodium metaperiodate were from Sigma Chemical (St Louis, MO). Rabbit anti-caveolin 1 and human endothelial cell lysate were from Transduction Laboratories (Franklin Lakes, NJ). Spurr resin embedding components, DER-736, ERL-4206, NSA, and DMAE, parlodion, glutaraldehyde, uranyl acetate, osmium tetroxide, nickel grids (300-mesh thin bar), lead citrate, and sodium cacodylate were from Electron Microscopy Sciences (Fort Washington, PA). Goat anti-rabbit conjugated to 10-nm and 5-nm colloidal gold, ECL Western blotting detection reagents, and normal goat serum were from Amersham Life Sciences (Arlington Heights, IL), acetone from JT Baker (Phillipsburg, NJ), amyl acetate from Mallinckrodt (Paris, KY), formaldehyde from Ted Pella (Redding,CA), Dulbecco's PBS without calcium or magnesium from BioWhittaker (Walkersville, MD), gels from BioRad (Hercules, CA), serum-free media, medium 199, and fetal bovine serum from Life Technologies (Rockville, MD).
Fixation and Embedding
Aortic valve endothelial cells (AVECs) were cultured from porcine valves after enzymatic digestion as previously described (Johnson and Fass 1983) . Briefly, cells were maintained in medium 199 with 10% fetal bovine serum at 37C in a humidified atmosphere of 5% carbon dioxide in air. In these experiments, the cells were used between passages 3 and 4. To arrest cell growth, cells were treated with serumfree medium for 24 hr before harvesting for the labeling experiments.
Normal AVECs were incubated for 24 hr in serum-free medium and fixed overnight in 4% formaldehyde plus 1% glutaraldehyde in phosphate buffer (McDowell and Trump 1976) . Specimens were rinsed in phosphate buffer, postfixed in 1% osmium tetroxide, rinsed in water, stained en bloc in 2% aqueous uranyl acetate, dehydrated in a series of ethanols to 100%, infiltrated, and embedded in Spurr resin (Spurr 1969) .
A duplicate set of serum-free cells was fixed overnight in 4% formaldehyde plus 0.2% glutaraldehyde in phosphate buffer. Cells were rinsed in phosphate buffer and dehydrated in a series of ethanols to 80% while progressively lowering the temperature to Ϫ 20C. The cells were infiltrated in LR White resin at Ϫ 20C overnight, embedded in fresh resin at room temperature (RT), and polymerized at 50C for 2 days. This embedding protocol has been used successfully to label collagen Type IV (Hann et al. 2001) .
Sections with a silver interference color ( ‫ف‬ 80 nm thick) were mounted on 300-mesh nickel grids for labeling. Some grids were mounted on parlodion membranes before labeling to minimize section wrinkling. These membranes were made from 1.5% parlodion dissolved in 1:1 acetone:amyl acetate. Both grid and section were deposited on the dried parlodion films on the platform. Gold conjugate (5 nm) was dried onto a membrane and negatively stained with uranyl acetate. The diameter of the cloud around the dense particle was measured.
Antigen Retrieval
For a comparison of AR protocols, grids were exposed to sodium metaperiodate, heated citrate buffer, or a combination of sodium metaperiodate and heated citrate buffer. Sections were treated in a saturated aqueous solution of sodium metaperiodate for 10 minutes (Bendayan and Zollinger 1983) and rinsed in four changes of filtered water. Grids were boiled for 10 min in 0.01 M citrate buffer and cooled for 15 min (Shi et al. 1993) . Grids subjected to dual treatments were first treated in sodium metaperiodate, rinsed in water, and then heated in citrate buffer (Stirling and Graff 1995) . Grids for quantitative comparison were either incubated for 60 min in 1% SDS in PBS-T (pH 7.4) at RT (Brown et al. 1996) or not subjected to any AR, then rinsed in PBS-T before labeling with colloidal gold.
Immunoelectron Microscopy
The antibody to caveolin 1 was a rabbit polyclonal to the N-terminus of human caveolin 1 that included amino acid sequences 1-97. This antibody was diluted 1:50 in PBS-T. Blocking buffer was PBS with added 0.05% Tween-20 (PBS-T), 1% glycine, and 2% normal goat serum. The secondary antibody was goat anti-rabbit conjugated to 5-or 10-nm colloidal gold and was diluted 1:100 in PBS-T. After AR grids were incubated in blocking buffer for 15 min. The grids were incubated in primary antibody for 3 hr at RT. Grids were rinsed in four changes of PBS-T, incubated for 60 min in secondary goat anti-rabbit conjugated to 5-nm gold, rinsed in PBS-T, rinsed in water, and dried. Some sections were examined after staining with uranyl acetate and lead citrate and some were examined without any postlabeling staining. After AR in a combination of sodium metaperiodate and heated citrate buffer, controls were labeled with a nonspecific rabbit antibody and with the omission of primary antibody. Controls were also incubated in SDS and labeled without primary antibody.
Quantitative Methods
The minor diameter of all vesicle membranes was measured in 39 fields of 1 m 2 of Spurr-embedded cells subjected to SDS. One group of membranes surrounded dense vesicle matrix and the other group surrounded clear areas within the vesicle. When gold labeling density (gold particles/ m 2 ) in the different embedding and antigen retrieval media was compared, the gold particles were counted in 25 fields. Within the gold clusters, the distance between the center of the gold particle to the center of the nearest neighboring gold particle was measured. All statistical comparisons were made with the two-tailed Student's t -test assuming unequal variances.
Results
General Structural Appearance and Size
Porcine AVECs under normal culture conditions usually contain many mitochondria, Golgi apparatus, and an occasional group of caveolae ( Figure 1A ). When these cell cultures were growth-arrested by exposure to serum-free medium for 24 h before fixation, the ultrastructural examination revealed many caveolae ( Figures 1C and 1D) and an occasional vesiculo-vacuolar organelle (VVO) ( Figure 1B) . When sectioned at a right angle to the plasma or vacuolar membrane, sin- gle caveolae appeared as flask-shaped invaginations of the membranes ( Figure 1D ). In this orientation, the neck of the caveola opened either into the exterior of the cell or into a larger vacuole. When sectioned through the midline of the caveolae, the single vesicles were more circular and the vesicle matrix was either homogeneously dense or had a clear area within the dense matrix of the vesicle ( Figure 1C ). This clear area may represent the caveolar stomata, and in rare cases a dense central knob can be demonstrated within these clear areas ( Figure 4B) .
When AVECs were processed in LR White for maximal antigenicity (Figure 2) , a lack of membrane contrast in mitochondria, caveolae, and plasmalemma was apparent. The labeling pattern for caveolin was clustered and usually found near the plasmalemma (Figure 2) , but assessing the specificity of the label was difficult when the trilaminar membrane structure was not well contrasted. LR White resin does not polymerize when osmium is used for postfixation. Without osmium and with partial dehydration, the trilaminar structure of the membranes appeared in reverse con-trast with a dark middle layer and pale outer layers (Figure 2 inset, white arrow).
Antigen Retrieval
In Spurr-embedded cells, several AR methods were tested in the search for a protocol that would retain the membrane structure of the vesicles and increase the labeling density for caveolin. AR in sodium metaperiodate showed a good labeling pattern but produced a dense precipitate that was difficult to remove completely from the sections. A nonspecific labeling was often associated with this electron-dense debris. When heated citrate buffer was used as a single AR treatment, the specificity of the label appeared to be improved over sodium metaperiodate used alone. A combination of sodium metaperiodate followed by heated citrate buffer was effective in producing a specific caveolin label, but section wrinkling often obstructed an evaluation of the labeling pattern. The most consistent labeling pattern was found after AR in SDS, and caveolin was consistently localized over vesi- cle profiles with little contamination and no section wrinkling.
Labeling Pattern
In AVECs subjected to serum-free medium, the labeling of caveolin 1 was most often associated with membranes of caveolae. Signal was not found on every caveola and was not associated with the larger vacuoles or clathrin-coated pits. This pattern was similar in cells embedded in both LR White and Spurr resins, but the labeling density in Spurr resin was significantly decreased compared to the labeling density in LR White-embedded cells. Control cells labeled without primary antibody were negative with SDS AR.
After AR in SDS, caveolin labeling was demonstrated in AVECs that had been embedded in Spurr resin. The labeling was clustered and consistently localized over vesicle membranes. Figure 3 shows some typical labeling patterns found in Spurr-embedded cells. Whereas the label was found dispersed as single gold particles over a vesicle membrane ( Figures 3A  and 3B ), some clusters of gold particles were found over membranes surrounding dense areas of the vesicle ( Figures 3C-3E ) However, most of the clusters were associated with membranes of smaller diameter that surrounded clear areas in the vesicle (Figures 3A-3F ). These gold clusters were not amorphous aggregations of gold but were often aligned linearly ( Figure  3F ) and separated by distances greater than 15 nm from the next nearest neighboring gold particle. In Figure 4B , a vesicle was sectioned through the dense knob and the radiating filamentous structures appeared similar to those published earlier by Palade and Bruns (1968) . Figure 4A shows a double semicircular labeling pattern over small filamentous cross-sections ( Figure 4B, arrow) . These filamentous structures were smaller than the 5-nm gold particles and may represent some element of the dense knob structure. Although this pattern is rare (Figure 4) , it demonstrates the structural information that might be obtained with the caveolin labeling in Spurr-embedded cells. Figure 5 shows the distribution of two membrane populations that were measured in AVECs embedded in Spurr resin and labeled for caveolin after SDS AR. These membranes' profiles are parts of the same vesicles but they may represent two regions of the vesicle that can be separated by size. The diameters of vesicle membranes surrounding a dense matrix may represent the body of the vesicle, and the membranes surrounding a clear area within the vesicle probably represent the narrowing of the membranes in the neck region of the vesicle. Figure 5 suggests that these two vesicle regions on the same vesicles can be separated by size, and the two membrane groups are significantly different, as shown in Table 1 . The two groups were compared statistically with the two-tailed Student's t -test assuming unequal variances.
Quantitative Comparisons
Because LR White is considered optimal for preserving antigenicity, the gold labeling density of caveolin was determined with and without SDS antigen retrieval. These densities were compared to gold labeling density in Spurr-embedded cells with and without SDS retrieval. The quantitative results are summarized in Table 2 and graphically represented in Figure 6 .
The density of gold particles/ m 2 was significantly different when the two embedding media were compared ( p Ͻ 0.001), but the AR in SDS did not significantly increase the labeling efficiency in the LR Whiteembedded cells ( p ϭ 0.763). In Spurr-embedded cells, a significant increase in labeling density could be demonstrated ( p Ͻ 0.001) when SDS was used as an AR medium. Given the nature of the structural data present in Spurr-embedded cells, an increase in labeling density after SDS treatment may be a valuable tool in our study of AVECs.
In Spurr-embedded cells with AR in SDS, many single gold particles were found over caveolae membranes and were isolated from their nearest neighboring gold particle by distances of over 100 nm. Gold particles that were closer than 100 nm were designated as gold clusters, and 61 clusters were identified that included 71% of the gold particles counted. Within the gold clusters, the distances between the particles and their nearest neighbor was measured and a distribution of those distances appears in Figure 7 . The clusters are concentrated between 5 and 30 nm.
The cloud around the gold probe (5 nm) was negatively stained and the diameter of the "cloud" was measured in 172 particles. Table 3 summarizes the size of the negatively stained cloud around the 5-nm gold particle.
If this cloud represents the distance at which gold can be aggregated, then gold particles closer than 15 nm will be, for this discussion, considered aggregated. Particles with interpoint distances greater than 15 nm will be considered as labeling associated with a clustered epitope on the section surface. Clustered labeling of caveolin is quite apparent at 15-40 nm but is almost nonexistent at distances of 40-80 nm. These data are not conclusive but support the theory that caveolin labeling is associated with the smaller membranes surrounding the clear areas within the vesicle (20-40 nm) and suggest that these areas may represent the narrower neck of the caveolae.
Discussion
After arresting cell growth with serum-free medium, a considerable number of caveolae present as single ca- veola, groups of caveolae, or VVOs were demonstrated in AVECs. In these cells, caveolin label is associated with membrane-limited clear zones that are smaller and often enclosed within the larger vesicle membrane that defines the vesicle matrix. The diameters of these smaller membranes (20-40 nm) are simi- Figure 4 High magnification of two vesicles that appear to be sectioned through the stoma area. (A) In this section, the dense knob is not apparent and the stoma (S) is a clear area. Two semicircular gold clusters may represent the two angles of membrane curvature that mark the entrance into the vesicle through the neck region. (B) Labeling over small radiating tubular structures (arrow) with a diameter smaller than the 5-nm gold particles that may be associated with a dense central knob of the diaphragm. Arrow in A points to a cross-section of a tubular structure that corresponds with the diameter of the longitudinally oriented tubules demonstrated in B. Bar ϭ 75 nm.
Figure 5
Distribution of vesicle diameters that define either dense vesicle matrix or clear area within caveolae. Most stomata diameters range from 20 to 40 nm in diameter, while those of the denser vesicle matrix range from 40 to 70 nm in diameter.
Figure 6
In LR White-and Spurr-embedded AVECs under serumfree conditions, a comparison of gold-labeling with and without antigen retrieval in SDS. LR White labeling is increased compared to Spurr labeling but there are no differences with and without SDS antigen retrieval. Labeling intensity after Spurr embedding is considerably less than labeling in LR White, but the signal increases after SDS antigen retrieval. The (mean) labeling density in each group is included.
Figure 7
Distribution of interpoint distances measured between a gold particle and the nearest neighboring gold particle within a gold cluster. Aggregation of 5-nm gold particles due to antibody and gold interactions may occur at distances up to 15 nm, but clusters of particles between 15 and 40 nm may suggest that the clusters are localizing in the neck areas of the vesicles where the membranes are smaller in diameter. lar to those stomata or vesicle openings (30-50 nm) observed in freeze-fractured preparations (Severs and Simons 1986) . Vascular smooth muscle cells preferentially fracture through the stomata and are surrounded by small circles of intramembranous particles 30-50 nm in diameter (Severs and Simons 1986) . These rings of intramembranous particles have been labeled for caveolin 1 Fujimoto et al. 1998; Westermann et al. 1999) . A ring-like pattern is also suggested by the oligomeric structure of caveolin. Caveolin 1 is a small monomer of 21-24 kD, but, when isolated from cells, it is a much larger homo-oligomer of 300-325 kD (Sargiacomo et al. 1995) . These monomers may be crosslinked by both the N-and C-termini of caveolin 1 (Song et al. 1997 ) and will self-assemble into larger oligomers. When examined by electron microscopy, the larger oligomers are nonlinear polymers 25 nm in diameter (Sargiacomo et al. 1995) . Our data supports the presence of caveolin as a clustered epitope that is 15-40 nm in diameter and is associated with membranes 20-40 nm in diameter that limit a clear zone within the vesicle.
Caveolin has been associated with the cytoplasmic side of the caveolar membrane, and ultrastructural studies of caveolae revealed four to six filaments arranged concentrically on the cytoplasmic surface. When this striated coat was disrupted, the labeling of caveolin was greatly increased (Rothberg et al. 1992 ). The nature of this striated coat has not been fully analyzed but recent studies have shown that caveolin is co-localized with filamin, a protein associated with F-actin crosslinking (Stahlhut and Van Deurs 2000) . In our preparations the caveolae are often aligned along cellular filaments and, rarely, caveolin label is associated with filamentous rods smaller in diameter than the 5-nm gold particles. Similar structures were reported to be part of the caveolar striated coat (Rothberg et al. 1992 ). Palade and Bruns (1968) also showed some small filaments radiating from the stomata area and reported that these might be elements of the dense knob structures of the diaphragm that guard the opening of the vesicle. In Figure 4 , these structures appear to be part of the dense knob structure. In LR White-embedded cells, these microfilaments were not definable. The preservation of ultrastructural detail combined with the labeling of caveolin is critical to defining a relationship between caveolin and other cell components.
Our data suggest that the postembedding labeling of caveolin may be dependent on the orientation of the caveolae within the section. When the neck regions of the caveolae are exposed at the section surface, the epitope has access to the labeling solutions and the caveolin is labeled. The exposure of the epitope at the section surface may not be the only factor that governs the positive labeling of caveolin. Perhaps attachments between the monomers or other ligands attached to caveolin complex must be dissociated before the antibody has access to the N-terminus of the caveolin molecule. SDS is commonly used to dissociate proteins, but the caveolin complex of 14 or 15 monomers is somewhat resistant to dissociation by SDS (Sargiacomo et al. 1995) . Caveolin forms complexes with cholesterol, the cell cytoskeleton, and molecules involved in the cell signaling process. In our AVECs embedded in LR White, caveolin labeling was not increased after AR with SDS. These data suggest that SDS has no effect on disassociation of the caveolin complex or other ligands but instead may have an effect on the osmium fixation or epoxy embedding. Because SDS is known to increase the labeling of caveolin in aldehyde-fixed cryosections (Brown et al. 1996) , perhaps fixation is inhibitory to caveolin labeling and SDS is effective in severing bonds between the fixative and caveolin.
Several AR techniques other than SDS were also effective in localizing caveolin 1 in AVECs fixed in osmium tetroxide and embedded in Spurr resin. AR with heated citrate buffer alone and with a combination of sodium metaperiodate followed by heated citrate buffer were equally effective in increasing the labeling of caveolin 1. When many AR methods were compared on tissue embedded in Araldite, the best quantitative increases in label were produced by a combination of sodium metaperiodate and heated citrate buffer (Stirling and Graff 1995) . The exact mechanism of AR with heated citrate buffer is speculative but some have theorized that AR disrupts the bonds between proteins that are produced by aldehyde fixation. Another theory suggests that bonds between tissue proteins and the epoxy embedding resin are responsible for diminished antigenicity. In ethanol- fixed tissues, in which bonds between proteins are weaker than those produced by aldehyde fixation, AR in heated citrate buffer also produced an increased amount of label (Brorson 1999) . In Spurr-embedded AVECs, sodium metaperiodate used alone showed an increase in caveolin 1 labeling. However, an electron-dense contamination often obscured the structural detail and this precipitate was labeled nonspecifically by gold particles. This electrondense precipitate may be osmium that was removed from the section by sodium metaperiodate. Others have reported that sodium metaperiodate is effective in removing the effects of osmium fixation (Bendayan and Zollinger 1983) . After a combination of sodium metaperiodate and boiling in citrate buffer, the electron-dense precipitate is removed from the section surface. However, sections exposed to the hot citrate buffer were wrinkled. Attaching the section to a supporting film of parlodion before AR minimized the section wrinkling. In our work, the best localization of caveolin 1 was achieved after AR in SDS. Contamination was minimal, sections were not wrinkled, and no supporting film was necessary.
